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h i g h l i g h t s
Beamformer-based virtual electrodes showed more ripples than physical EEG electrodes. Virtual electrodes had a better SNR than physical electrodes. Virtual ripples predicted the ROI better than physical ripples, but sensitivity was still poor.
a b s t r a c t
Objective: Surface EEG can show epileptiform ripples in people with focal epilepsy, but identification is impeded by the low signal-to-noise ratio of the electrode recordings. We used beamformer-based virtual electrodes to improve ripple identification. Methods: We analyzed ten minutes of interictal EEG of nine patients with refractory focal epilepsy. EEGs with more than 60 channels and 20 spikes were included. We computed 79 virtual electrodes using a scalar beamformer and marked ripples (80-250 Hz) co-occurring with spikes in physical and virtual electrodes. Ripple numbers in physical and virtual electrodes were compared, and sensitivity and specificity of ripples for the region of interest (ROI; based on clinical information) were determined. Results: Five patients had ripples in the physical electrodes and eight in the virtual electrodes, with more ripples in virtual than in physical electrodes (101 vs. 57, p = .007). Ripples in virtual electrodes predicted the ROI better than physical electrodes (AUC 0.65 vs. 0.56, p = .03). Conclusions: Beamforming increased ripple visibility in surface EEG. Virtual ripples predicted the ROI better than physical ripples, although sensitivity was still poor. Significance: Beamforming can facilitate ripple identification in EEG. Ripple localization needs to be improved to enable its use for presurgical evaluation in people with epilepsy. Ó 2017 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
Epilepsy surgery is a treatment option that can be considered in patients with refractory focal epilepsy. Presurgical identification of the epileptogenic zone, defined as the minimum area of cortex that has to be resected to achieve seizure freedom (Lüders et al., 2006) , is essential for a good surgery outcome. Currently 52-62% of patients are reported to be seizure free five years after surgery (de Tisi et al., 2011; Hauptman et al., 2012; Jobst and Cascino, 2015) , suggesting limitations in the presurgical identification of the epileptogenic zone.
High frequency oscillations (HFOs: ripples 80-250 Hz and fast ripples 250-500 Hz) are new markers for epileptic tissue, mostly investigated in invasive electroencephalography (EEG). HFOs are often spatially and temporally correlated with epileptic spikes (Urrestarazu et al., 2007; Jacobs et al., 2008) and several studies have shown that ripples and fast ripples occur more often within the seizure onset zone than outside (Staba et al., 2004; Urrestarazu et al., 2006; Malinowska et al., 2015) . Surgical resection of HFO-generating tissue is associated with seizure freedom ( 
